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Citrus Virus and Virus-Like Diseases
in Libya

F. NOUR-ELDIN AND A. E.-S. A. FUDL-ALLAH'

Citrus is one of the most important fruit tree in Libya. The cultivated area of citrus at
present is more than 7,000 hectares mainly distributed in the western coast of the
country. Commercial varieties include sweet orange, Citrus sinensis (Linn.) Osbeck.,
mandarin, C reticulata Blanco, and grapefruit, C. paradisi Macf. Rootstock variety used
is mainly sour orange, C. aurantium Linn.

An extensive survey for citrus virus diseases was conducted during the last six years.
It showed that most of the sweet orange and mandarin trees budded on sour orange
rootstock were affected with one disease or more.

This paper reports citrus virus diseases, and other virus-like disorders, including
mycoplasmalike diseases which have been encountered during the survey. Control
measures of these diseases are also discussed.

I. CITRUS VIRUS DISEASES

1. Psorosis

Among the various forms of psorosis that have been described (5), concave gum
and blind pocket are very common in Libya; symptoms of psorosis ‘A’, crinckly leaf,
and infectious variegation are very rare.

i. Psorosis ‘A’

Bark lesions (4) appearing on the trunks of sweet orange trees (Fig. 1) were
seldom seen in commercial orchards. On the other hand, young leaf symptoms(3) were
noted on all old line sweet orange and mandarin trees. Flecking type and oak-leaf pat-
tern symptoms (5,7) were exhibited pronouncedly on the young leaves of the spring
flushes (Fig. 2, 3).

Grafting sweet orange seedlings with bark patches from lesions of psorosis ‘A’ in-
duced the shock effect (6) within 2—4 months after inoculation. Leaves of the inoculated
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seedlings became necrotic and dropped prematurely. Red brownish lesions developed
after 5-7 months from graft-inoculation.
No psorosis ‘A’ bark lesions were noted on the trunks of willow /eaf mandarin trees.

ii. Concave gum.

Concave gum disease is the most frequently encountered form of psorosis in Libya.
All of the commercial citrus species are affected with the disease. Young leaf symptoms
(3,5,7) were always associated with infected trees. Typical concavities (Fig. 4) were
noticed on the trunks and limbs of many sweet orange and mandarin trees. Concavities
on 1-2 year old twigs were also present.

iii. Blind pocket

Trees affected with blind pocket (Fig. 5) were less abundant than those affected
with concave gum in commercial orchards. Development of young leaf symptoms
were always associated with this disease.

iv. Crinkly leaf
Crinkly leaf symptoms have been observed on few trees of lemon, C. limon (Linn.)
Burm., and sweet orange (Fig. 6).

v. Infectious variegation
Symptoms of this disease were noticed on few lemon trees (Fig. 7).

2. Cachexia

Characteristic symptoms of cachexia disease (2) were observed on more than 507
of the willow leaf mandarin trees that have been examined in this survey. By scraping
the bark across the bud union, gum deposits were observed in the bark tissues of the
mandarin trunk (Fig. 8). Conoid pits were also present in the cambial surface of the
mandarin wood. These symptoms did not extend into the tissues of the sour orange
rootstock.

In few cases, cachexia-diseased willow leaf mandarin trees exhibited shelling of the
outer layers of the bark just above the bud union.

3. Gummy bark of sweet orange

It has been found that about 30%, of the examined sweet orange trees were affected by
this disease. Gum pockets can be detected by scraping the bark of the sweet orange
scion just above the bud union (Fig. 9). Wood pitting usually accompanies the bark

Fig. 1. Psorosis ‘A’ bark lesion on baladi sweet orange trunk.

Fig. 2. Psorosis ‘A’ vein etching on young leaves of sweet orange seedlings.
Fig. 3. Qak-leaf pattern on sweet orange young leaves.

Fig. 4. Concave gum on navel sweet orange.

Fig. 5. Blind pocket on navel sweet orange.

Fig. 6. Crinkly leaf on lemon leaves.

Fig. 7. Infectious variegation on lemon leaves.

Fig. 8. Cachexia on willow leaf mandarin, bark gumming and wood pitting.
Fig. 9. Gummy bark of sweet orange.
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discoloration (9). These symptoms did not extend into the tissues of the sour orange
rootstock. The infected trees grew slowly and therefore were moderately stunted in
comparison with normal trees.

4. Tristeza

About 30 sweet orange trees grafted on sour orange rootstock were suspected of being
infected with tristeza virus. They were severely stunted (Fig. 10) and exhibited the char-
acteristic bark pitting and honeycombing of the sour orange rootstock (Fig. 11, 12).
Field observations of the presence of tristeza in different plantations were confirmed by
bud transmission to Mexican lime, C. aurantifolia (Christm.) Swing., seedlings. All of
the Mexican lime seedlings exhibited vein clearing (Fig. 13), however, they failed to
show any stem pitting even after three years from infection.

The tristeza-affected sweet orange trees were found in the orchard of the Faculty of
Agriculture, University of Tripoli and in another orchard at Ben Gashir.

5. Woody gall of sweet orange

Woody gall disease of sweet orange was found in Libya (10) to be confined to a local
blood orange variety, demi sweet orange.

The first sign of the disease is the development of rounded galls on the trunk of the
infected sweet orange scion close to the bud union (Fig. 14, 15). New galls will develop
later on the trunk, main limbs, and branches of not less than 3 years of age. As the gall
gets older, it enlarges and flattens and its surface takes the shape of a volcano crater
(Fig. 15). Galls were found to be formed from the stimulation of the wood cylinder
tissues, and ensheated with a very thin bark (Fig. 16). These galls were not noticed on the
sour orange rootstock. When young trees of a new line of demi sweet orange, grafted on
sour orange rootstock, were bud-inoculated from gall-affected sweet orange trees,
rounded galls started to develop only on the sweet orange scion three years after
inoculation.

It seems that this disease is quite different from vein enation or woody gall virus
reported from California (11,12), because the latter does not induce galls on sweet
orange. Moreover, indexing budwood from the woody gall-diseased sweet orange trees
understudy to Mexican lime seedling did not induce any vein enation on the lime leaves

Fig. 10. Tristeza-affected demi sweet orange trees on sour orange rootstock.

Fig. 11. Ploem necrosis of sour orange rootstock. Note the bark pitting.

Fig. 12. Phloem necrosis of sour orange rootstock infected with tristeza virus.

Fig. 13. Leaf symptoms of tristeza on baladi (Mexican lime).

Fig. 14. Inoculated demi sweet orange tree with infected bud from woody gall-diseased tree.
Note the development of tumors at the edges of the bud-inoculum.

Fig. 15. Woody gall of sweet orange on demi variety. Note the development of crater-like
tumors.

Fig. 16. Cross section through a gall. Note that it is formed from the stimulation of the wood
cylinder tissues, and ensheated with a very thin bark.

Fig. 17. Symptoms of impietratura in the albedo of an orange fruit.
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even after one year from inoculation. Further studies to establish the etiology of the
disease have been undertaken.

6. Impietratura

A few cases of impietratura have been noticed on fruits of blood and navel orange
varieties. By cutting across the diseased fruits, some hard, brown, and gum pockets
were present in the albedo (Fig. 17).

7. Exocortis

Several sweet orange trees were indexed for exocortis virus by using USDCS 60-13
‘Etrog’ citron, C. Medica L., as test plants (1). Citron shoots, that became infected with
exocortis virus, showed various degrees of leaf epinasty, browning, and cracking on the
lower surface of the midveins (8). Yellow blotches and cracking on citron shoots were
also observed (Fig. 18, 19).

Il. CITRUS MYCOPLASMALIKE DISEASES

1. Stubborn.

Considerable numbers of stubborn sweet orange trees have been observed in many
orchards. All important commercial varieties of citrus in Libya are susceptible to stub-
born disease, e.g. naval, Tarocco, demi, Sanguin, baladi (local), and sukkary.

The leaves of stubborn affected trees are stiff and smaller in size than normal leaves
and may be cup-shaped. Leaves are usually mottled exhibiting mineral deficiency-like
symptoms (Fig. 20). Infected trees tend to develop upright and shortened internodes.

Blooming period of stubborn trees is longer than usual and in some cases off-season
blooming is very apparent. Ovaries of the diseased flowers that develop out of season
are often smaller than normal, resulting in a severe flower drop. Usually high per-
centages of the young fruits drop during May and June. Moreover, many fruits drop
during September, mainly due to the cracking of the stylar end and the subsequent rot-

Fig. 18. Leaf epinasty and cracking on the lower surface of midveins of ‘Etrog’ citron infected
with exocortis virus.

Fig. 19. Cracking and yellow blotch on shoots of *Etrog’ citron infected with exocortis virus.
Fig. 20. Foliage symptoms of stubborn disease on leaves of sweet orange,

Fig. 21. Stylar-end greening of fruits from stubborn affected sweet orange tree.

Fig. 22. Normal (A) and stubborn affected (B) sweet orange fruits and seeds. Note aborted
seeds in the diseased fruit.

Fig. 23. Early symptoms of autumn leaf drop disease on the foliage of sweet orange.

Fig. 24. Necrosis of affected leaf tissues with autumn leaf drop disease on a young sweet
orange tree.

Fig. 25. Leaf drop on an orange tree affected with autumn leaf drop disease. Note that
petioles are attached to the twig.

Fig. 26. Severe die-back of sweet orange twigs affected with autumn leaf drop disease.
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ting of the fruits. Stylar-end greening (Fig. 21) is usually apparent in some years and not
in others. Imperfect development and abortion of seeds (Fig. 22b) were associated with
stubborn affected fruits. Lopsided or cylinderical fruits were also observed on the
diseased trees.

III. CITRUS DISEASES OF UNKNOWN CAUSE

1. Autumn leaf drop of sweet orange

This is one of the most important diseases in Libya. It causes severe damage to
the sweet orange trees whether they were old or new lines. The first symptoms of the
disease appears, during October or November, as mesophyll collapse in some areas
of the lamina of the leaves (Fig. 23) particularly those that developed during the
summer. The affected leaf tissues soon dry out (Fig. 24) causing upward leaf roll.
These leaves will wilt and drop leaving the petioles attached to the twig for some-
time (Fig. 25). The petioles soon drop with gum oozing out from the leaf trace.
Later, severe die-back (Fig. 26) of the twigs takes place. In some cases the die-
back might extend to the older branches. This will result in a severe pruning of the
infected trees which in turn will seriously affect the blooming of the following
season.

No pathogenic fungi or bacteria have been isolated from the affected leaves or twigs.
This disease was observed on navel, Valencia, demi, sukkary, and Tarocco sweet orange
varieties.

Natural spread of the causal agent of this disease is suspected because some trees of
new lines of the previously mentioned sweet orange varieties started to show symptoms
of the disease within 4 years from propagation.

This disease was first reported from Egypt by F. Nour-Eldin (unpublished report,
1957). It was found that baladi, Valencia, and navel sweet orange trees grafted on more
than 20 different rootstocks have suffered from this condition regardless of the used
rootstock.

VI. PRODUCTION OF NEW LINES OF CITRUS VARIETIES

From the surveys that have been conducted so far, it is concluded that most of old
line citrus trees were found to be affected with more than one virus or virus-like disease.
This situation called for the production of healthy and clean budwood. Two approaches
were undertaken to establish virus-free mother trees.

The first approach was to import certified budwood from reliable sources. The second
approach was to propagate from seedling trees of desirable varieties by grafting on
different rootstocks, and placing the progeny trees under observation and inspection
until they prove to be true to type and healthy. This will also enable us to select tristeza-
tolerant rootstocks that will do best under the Libyan environmental conditions.

New lines of shamouti, Valencia, demi, sukkary demi, Tarocco, and Sanguin sweet
orange varieties are now established. All are grafted on Cleopatra mandarin, sour
orange, rough lemon, C. jambhiri Lushington, and Rangpur lime, C. limonia Osbeck,
rootstocks. These trees have been planted in the field since four years ago, and non
have developed any stubborn disease symptoms. However, some Tarocco trees had
started to show symptoms of the autumn leaf drop disease.



CITRUS VIRUS AND VIRUS-LIKE DISEASES IN LIBYA 109
LITERATURE CITED

1. Calavan, E. C., E. F. Frolich, J. B. Carpenter, C. N. Roistacher, and D. W.
Christiansen. 1964. Rapid indexing for exocortis of citrus. Phytopathology
54:1359-1362.

2. Childs, J. F. L. 1950. The cachexia disease of Orlando tangelo. Plant Disease Reptr.,
34:295-298.

3. Fawcett, H. S. 1933, New symptoms of psorosis, indicating a virus disease of citrus.
Phytopathology 23:930 (Abstr.)

4. Fawcett, H. S. 1936. Citrus diseases and their control. 656 pp. McGraw-Hill
Book Co., Inc., New York and London.

5. Fawcett, H. S., and A. A. Bitancourt. 1943. Comparative symptomatology of
psorosis varieties on citrus in California. Phytopathology 33: 837-864.

6. Fawcett, H. S., and L. C. Cochran. 1942. Symptom expression in psorosis of
citrus as related to kind of inoculum. Phytopathology 32:22 (Abstr.)

7. Fawcett, H. S., and L. J. Klotz. 1938. Types and symptoms of psorosis and
psorosis-like diseases of citrus. Phytopathology 28:670 (Abstr.)

8. Fudl-Allah, A. E.-S. A., E. C. Calavan, and P. R. Desjardins. 1971. Comparative
anatomy of healthy and exocortis virus-infected citron plants. Phytopathology
61:990-993.

9. Nour-Eldin, F. 1956. Phloem discoloration of sweet orange. Phytopathology
46:238-239.

10. Nour-Eldin, F. 1975. Woody gall of sweet orange. Libyan J. Agr., 4:101-104.

11. Wallace, J. M., and R. J. Drake. 1953. A virus-induced vein enation in citrus.
Citrus Leaves 33:22,24.

12. Wallace, J. M. and R. J. Drake. 1959. Citrus vein enation, p. 163-165. In J. M.
Wallace (ed.), Citrus Virus Diseases. Univ. Calif. Div. Agr. Sci., Berekely.

Lo 3 Ly Gt g Gows pdll wloiad| o) Ll

:ul&jﬁﬂ.\.:pt_jl.ﬂl de — cpdl 45w s

el

St ot a0 dmyy L Gty T il Sleadl ol e e

P EPRE PPN [ROTRON:. B9 FPIE AU W E SR PRI EL
Pliss Y Wl cudly aalled ]y Jwdl il de 0y ol Ja 55 4 ol il
il 05 o pa s 0 el e (gl iy GV i, JLas;_m UL;
pan Sdes H-:J)iﬂ,::“ Alb SRy sl i A GilS 056 ey B
2 A Ll JBA LT Gan e I i ol a6 Bolian QU5 ) ]

. |




110 F. NOUR-ELDIN AND A. E.-S. A. FUDL-ALLAH

Loy e eI AN L) STy g Wi 5 UleDlol ad Dusy &

15 JU A Gl sY s 4 sl ool e Lol 3kl ol o a i § 3
o At gl il OV 5o 5ugt

Lo gabae Lpaat T pdll 2 a ¥l 0 U cliar oYU £ 5Y Gl el iy
WL odapz, G;,uu.,tf WL s el oL e ylia Jyol sue Jo



